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FACTORS  AFFECTING  MEAN  POKER  RESPONSE  TO  MULTIPATH  RAYS  ARRIVING  AT  DIFFERENT 
ELEVATION  ANGLES  ..  /  , 

The  power  response  to  a  source  along  the  main  beam,  assumed  to  be  in 
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the  y-z  plant',  was  given  in  OPR  No.  31,  equation  (10),  page  30,  as 
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where  it  was  assumed  that  elements  are  distribute.',  ncrr.nl  ly  in  dimensions 

x,  y,  z,  with  standard  deviation  e  ,  z  ,  and  r  .  S  are  co-latitude  angles 

cf  arrival  of  ray  m,  tn- ] , 2  , . . . M ,  ar.c  rav  mr.pn  itude  is  E  .  The  exponential 
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factors  determine  the  gain,  variation  with  element  spread  anc  focusing  angle 
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Figure  3.1  (a)  ,  fi  )  ,  (c)  ,  ( J)  ,  (cl  ,  (f  )  shews  some  repre .  or.t at  ive  results  fo^'T  and 
1_  as  a  function  of  with  ;  a  parameter,  and  Table  I  shows  the  half  power  her 


.  .  1  d  ^  .  1  . 

w  ; ;  -  .  *  Civ 

cation,  donut  e 

vi  .>■ 

c 

or  rv'spoii.:  1 1 

■Ft 

to  each  function.  Note  that 

when  v  =*90° , 
s 

the  art  >y  1; 

i  o  * :  v 

*  (5 

.-.long  the 

F‘ 

mi c  and  the  mean  beamwidth 

i  s  syr.rr.et  r : . 

^ !  atound  the 

y  -  a:< 

:  I  :» 

r  ho  y-z 

Mi'.  Kr.cn  i  is  set  to  SO” 
s 

or  85°,  I 

y 

is  n  bfrodt.h  f 

fact 

’  c  :i 

■  f  “  vita 
tu 

•a 

local  t.ln ; ■ at  9  «  90°. 

n 

The-  local  r. i 

:i  i.uu.n  is  scmcl 

1 ?.> 0 .'» 

i‘h. 

.ill  ov  s 

,  m;t 

et  ir.ec  cuii..;  deep.  When  T  falls 

y 

V>?ov  0.5  r«l 

■  -  90°  .  1  a- 

n 

i  •  ; 

11 

*.  .  *!«'  ''  t  ’  >  * 

i'K'r  of  e cel:  hump;  when  1  is 

y 

a.'ovx  9.  a  at 

n  "  l’>" 

* 

V.  :  r’  i 

‘  o  tot  ■. 1  v. •/<■  ■•  be t weet.  half  m vc 

i'.v.:.  : 

■  t  :  :  a  pc. 

at.  i 

<.  1 1  ' 

t  l  v’  r.  'i  i/ 

t-U 

’  •*  I  to  a  point  above  the  horizon- 

tat.  For  !*• 

.  t  i',-  .  !  0 ’ 

V 

■  \ 

» 

•-  A  •  ,  ■’* 

■  ti  e  O.S  power  henmwidt  h  tlv 

t  •  •  r  f  ru-ri  ? 

rx;,  .  f:e- 

c  ]  . 

-  -  o 

i  o.n p  i  o :  1  (> .  3"  . 

As  o:;c  : 

'  i;h::l  ,'i  !  1 

GO 

v  . .  ; 

;  v,  K'.u.il  ly 

t  ■  .e.iy  i  r  t  Lii-uve  the  iu-ariw  i  c'u  !i 

81  6 


o  rr 


007 


a 

z 


a 

y 

a 

z 


a 

y 

a 

z 


a 

y 

o 

z 


a 

y 

a 

z 


a 

y 

a 

2 


1 

Gs 

AG  on  I 

AG  on  I 

m  z 

m  y 

\ 

5X  j 

'  90° 

6.1° 

>  20. 06 

2.5A  | 

85° 

6.1° 

28.2° 

_  80° 

6.1° 

33.2° 

20  ( 

’  90° 

1.6° 

13.2° 

10A  | 

!  85° 

1.5° 

16.6° 

80° 

1.5° 

4.5° 

'  90° 

0.6° 

8.4° 

-  i 

85° 

0.6° 

3.73° 

i  80° 

0.6° 

1.75° 

5A  ( 

'  90° 

15.2° 

>  20.0° 

' 

1  < 

j  85° 

15.3° 

>  20.0° 

*  1 

1  80° 

14.2° 

>  20.0° 

20A  I 

[  90° 

3.8° 

13.0° 

4  A 

i 

85° 

3.8° 

16.5° 

[  SO 

3.8° 

4.5° 

50X  t 

r  9o° 

1.5° 

8.4° 

10A 

i 

85° 

1.3° 

3.75° 

1  80° 
w 

1.5° 

1.75° 

TABLE  I  MEAN  1/2-PONER  BEAMW1LTH ,  AO  ,  WITH  NORMALLY 

m 

DISTRIBUTED  ELEMENT  POSITION'S. 


in  elevation,  though  for  o  =  50A ,  a  15  10A,  and  0  -  80°  the  two  functions 
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are  nearly  equal,  as  a  rule  with  a^/a^  -2,  1^  established  the  pattern  in  ele¬ 
vation  and  it  is  sufficient  to  consider  it  and  to  let  ly  =  1. 

In  the  work  discussed  below  on  the  noise  correl  ition  we  consider  elements 
uniformly  dispersed  in  depth  where  here  we  have  assumed  nonrally  distributed 
elements.  Extraordinary  differences  between  these  tw-o  cases  are  not  expected 
though.  Similar  computations  of  the  uniformly  distributed  ease  were  therefore 
not  carried  out. 

Paul  Ych 
Fred  Haber 


MULT I REAM  NOISE  CORRELATION 

Consider  the  system  in  Figure  3.2,  QI"R  No.  31.  3'ho  branch  signal  level, 
when  the  array  is  focused  in  the  veitieul  plane  containing  the  Y-axis  and  at  an 
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angle  0  to  the  vertical,  is  given  by  (2)  of  QPR  31.  The  equation  is  rewritten 
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shown  in  the  figure  referred  to  is  given  oy 
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when  noise  levels  into  all  the  branches  have  equal  mean  square  value  and  are 
independent  from  branch  to  branch.  The  total  system  signal  output  is,  in  this 
case , 
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and  the  total  noise  oiiput  has  a  mean  square  value  given  by  the  second 
expression  p.  35  of  Oi’R  31.  namely. 
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where  the  A^  are  defined  by  (2).  The  angler,  in  (5)  are  given  by  the  following 
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where  we  have  uri'd  (1)  and  (•')  in  writ  ini’.  (7)  and  where  we  have  denoted 
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If  the  noise  processes  in  the  different  branches  were  uncorrelated 
the  output  mean  snuare  noise  level  would  be 
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The  output  s igna 1 -to-uo i»e  ratio  ( S  N  K  )  is  here  defined  by 
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where  we  have  assumed  mean  noise  power  at  all  elements  to  be  equal  and  where  we 
have  used  (2),  (3),  (4)  and  (9)  to  write  (10).  If  the  A.  were  not  random 
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variables  (or  if  they  were  to  have  small  variance),  Y  would  be  the  sum  of  SNR's 
of  the  branches ,  a  result  well  known  for  maximal  ratio  combining  of  diversity 
branches  in  communications.  In  our  situation  the  branch  noises  may  not  be 
uncor  re  1  a  ted  and  there  is  the  possibility  of  larger  noise  levels.  We  examine 
conditions  which  will  give  uncorrelated  noises.  (5)  can  he  expanded  ro  cive 
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A^  and  0.  are  the  amplitude  and  phase  of  the  complex  amplitude  on  branch  i  as 

given  by  (1).  These  random  variables  are  not  determined  by  the  position  random 

variables  y  and  z  because  el  the  presence  of  Y  in  the  exponent  of  (1)  which 
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is  uniformly  distributed  in  (0,  2'! )  .  On  the  other  hand,  the  $  .  arc  determined 
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only  by  the  position  random  variables  v  and  7.  .  Thus  the  pair  (A  ,  '4'  )  are 
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independent  of  :•  .  for  all  i  .  Furthermore  from  (6)  ve  Sf  e  that  6  is  a 
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linear  function  of  the  random  variable  s  v  and  z  .  We  assume  the  latter  to  be 
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symmetrically  distributed  around  zero  -,n  that  <  s  i  n  (a,  .  -,t.  .)>  =0.  (11)  thus 
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We  point  out  that  if  either  <  cos(£  ■  -  -  .)  >  or  <  A.  A.  cos ('3 .  -  r.  )  >  is 
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zero  for  all  i  4  j  (12)  reduces  to  (9)  that  is,  the  uncorrelated 
branch  noise  case  is  obtained.  We  invest igace 
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since  it  is  nuch  less  complicated  than  <  cos (. ^  -  in)  >.  The  angles  8 
of  interest  to  us  are  in  the  range  of  about  33’  to  100°.  It  can  be 

demonstrated  that  (sin  9  sinO  .)<<  (cosg  cos  9  .)  for  angles  in  this  ranee. 
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Also,  if  vc  are  to  have  high  vertical  resolution,  the  variance  of  z  will 
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have  to  be  of  the  same  order  as  the  variance  of  y  Thus  we  can  argue  that 
(13)  can  be  approximated  by 
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(16)  suggests  that  to  make  <  cos  (A  .-■*>  .)  >  =  0 
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The  angular  separation  between  beams  to  get  uncorrelated  noise  outputs  at 


the  different  branches  should  therefore  be 
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If,  for  instance,  h  =  25A  (meaning  that  th.e  array  site  in  depth  is  50 
wavelengths  which  .it  Hz  implies  a  depth  of  about:  750  meters)  adjacent 
beams  ought  to  be  spaced 

A9s  =  li  =  1/50  rad  =  1-15° 

in  order  for  the  toisc  variables  entering  into  the  final  summer  to  be 
uncorrelated . 

The  next  step  to  be  taken  will  be  to  determine  the  array  power 
response  with  array  output  processed  as  described  above.  If  the  multi- 
path  rays  were  to  come  in  on  the  center  lines  cf  the  vertically  spread 
beams  the  overall  array  response  would  be  maximized.  Some  beams  are  ex¬ 
pected  however  to  see  no  incoming  rays,  others  may  see  more  than  one  ray. 
In  the  latter  case  th.e  multipath  is  not  resolved  by  the  array  processor 
and  the  combined  rays  add  non-coheron  t:  lv .  The  corresponding  diversity 
branch  will  see  a  fluctuating  level  depending  on  the  relative  ray  phases. 
While  the  processor  cannot'  i:. drove  the  signal  level  in  this  case  the 
weighting  ciicuit  will  take  account  of  this  fluctuation  to  maximize  the 
signal  to  noise  ratio  bv  suppressing  the  branch  output  if  the  signal  com¬ 
ponent  is  small  and  amplifying  the  branch  output  if  the  signal  component 
is  larce. 
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The  calculation  of  these  effects  is  time  consuming.  We  plan  to  carry 
out  a  simulation  of  this  next  step  by  assuming  a  fixed  number  of  rays  arriving, 
each  uniformly  distributed  over  a  range  of  latitude  angles  about  ±10%  relative 
to  the  horizontal.  Independent  noise  at  each  sensor  will  be  assumed.  Beams 
will  be  spaced  as  specified  above  covering  the  same  range  of  latitudes  and 
the  statistical  properties  of  the  array  output  SN’g  will  be  found.  This  calcu¬ 
lation  will  also  serve  as  a  test  of  assumptions  made  earlier  to  simplify  calcu¬ 
lations  of  noise  output. 

Fred  Haber 
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